The progress of the deuteromycete Aureobasidium pullulans through its growth cycle reveals a pattern of morphological changes that could be simply described as an alteration from mycelial growth to spore formation, but that in reality is a more intricate sequence of transformations (Ramos & Garcia Acha, 1975) . It is the changes of carbohydrate metabolism occurring during differentiation that have attracted us to an examination of this organism, for it is in these circumstances that the events comprising the developmental programme of differentiation are separated from those of regular growth (Smith & Galbraith, 1971 ). The present communication attempts to identify changes in the cellular trehalose content and the production of the extracellular polysaccharide pullulan with stages of the growth cycle of A. pullulans.
Trehalose (a-D-glucopyranosyl a-D-ghcopyranoside) is widely reported as a constituent of eukaryotic organisms (Elbein, 1974) and has been detected in A. pullulans (Merdinger, 1969; Catley, 1971) . Its function is thought to be mainly one of specialized glucosyl storage. Elevated concentrations of this disaccharide are often associated with fungal differentiation, for example during vesicle and phialide formation in Aspergillus niger (Ng et al., 1974) and in the production of fruiting bodies in Dictyostelium discoideum (Ceccarini, 1967; Garrod & Ashworth, 1973) . Its appearance is also observed in the diauxic growth of Saccharomyces cerevisiae where adjustment to the utilization of ethanol as carbon source takes place (Panek, 1962) . In general the accumulation of trehalose appears to be associated with a change of growth rate in the growth cycle or even within the cell cycle (Kuenzi & Fiechter, 1969 , 1972 .
We have monitored the concentration of trehalose and the activity of aa-trehalase (EC 3.2.1.28) across the growth cycle of A. pullulans in both shake and continuous cultures limited in NH4+ ion as sole nitrogen source. The organism (A.T.C.C. 9348) was grown at 27°C in a medium containing 250m~-glucose, 4 m~-N H , c l , ~~M -K C I , 4m~-MgC1,, 4 m~-N a~S o~, 2 0 m~-P , and trace elements (Fe, c u , Zn, Mn and Ca). The chemostat was maintained at pH5.5. Cell samples were filtered through nylon mesh (45pm aperture) to separate the spores from the hyphae, and the trehalose was extracted by collecting cells on glass-fibre filters and immediately washing them with 50% (v/v) methanol cooled to -17°C (Lagunas & Saez, 1974) followed by extraction in 80% (v/v) ethanol at 80°C. The trehalose present in the dried extract was measured enzymically by using trehalase and glucose oxidase. Pullulan was measured by hydrolysis with pullulanase (Catley, 1971) . For the measurement of trehalase activity cells, broken in the Eaton press (Eaton, 1962) , were centrifuged at 1700g for Sniin, to produce a crude separation of the cell-bound and soluble enzymes. Activity with trehalose as substrate was measured at pH5.4 by monitoring glucose production with the glucose oxidase reagent (Lloyd & Whelan, 1969) .
In shake culture (Fig. 1 ) the temporary halt of growth, associated with the budding of hyphae, as recorded by microscopic observation together with measurement of cell dry weight, is accompanied by an increase in cellular trehalose. After separation of the cells all of the trehalose was found to be in the hyphae. The methods of cell fractionation and collection used ensured a minimum lapse of time between a change in the extracellular environment and extraction of the trehalose, thereby lessening a disturbance of the intracellular metabolite balance. The amount of trehalose produced by cells in shake culture could be varied. Thus cells in the process of differentiating, but still containing some trehalose, when placed in fresh medium did not immediately utilize the trehalose, but produced a similar increase in disaccharide when differentiation took place. In associated with budding, but to a concentration exceeding that normally found in shake culture. Both of these observations suggest that there exists a temporal sequence of trehalose production followed by utilization that may be interrupted by manipulation of the environment. Trehalose was not detected in the later stages of the growth cycle involving other morphological changes. Trehalase was found to be in a cell-bound and a soluble form under the conditions of disruption and centrifugation described.
The extracellular polysaccharide pullulan, though being a product of the yeast phase (Catley, 1973) , is now seen to be more specifically associated with the deceleration and early stationary phase of the growth cycle, perhaps with chlamydospore formation. Thus continuous-culture studies show that the trehalose peak, associated with budding, occurs between dilution rates of 0.24 and 0.12 h-l, whereas pullulan elaboration commences at a rate less than 0.12h-' and increases linearly to the lowest rate used (0.04 h-l).
The association between morphological events and metabolic changes reported above is derived from celIs limited in nitrogen, and preliminary investigations suggest that the same association is true in phosphate-limited media; however, from the evidence given in the present communication it cannot be claimed that we have rigorously established the causal relationship of the one with the other. The hemicellulases asagroupof enzymes (EC 3.2.1 .-) are defined and classified according to their substrates, the hemicelluloses. They include the arabinanases, galactanases, mannanases and xylanases (for review see Dekker & Richards, 1976) .
Comparative Properties and Action
In our studies on hemicellulases we have reported that several hemicellulose-degrading enzymes are produced by the phytopathogens that cause stem rot in sugar-cane, namely Ceratocystis paradoxa and Cephalosporium sacchari (Dekker & Richards, 1974) . Several of the ~-1,4-~-xylanases (EC 3.2.1.8) produced by these fungi have now been fractionated and purified to homogeneity (Dekker & Richards, 1975a,b; G. N. Richards & T. Shambe, unpublished work) . We now report the preliminary results of our studies on the xylanases produced by Cephalosporium sacchari and compare them with those of
Ceratocystis paradoxa.
The xylanases of Ceratocystisparadoxa were purified as previously reported (Dekker &Richards 1975a,b), and were fractionated into two major components, xylanases HCI (PI 9.17) and HCII (pI4.50), and several minor components. The xylanases of Cephalosporium sacchari were purified by (NH&S04 precipitation and isoelectric focusing. The fractionated xylanases were xylanases HCI (pI9.4), HCII (pI6.0) and four isoenzymes not well resolved with pI4.3-5.4.
Some of the physicochemical properties of the purified xylanases from the two phytopathogens are summarized in Table 1 . The high degree of thermal stability of xylanase HCII of Ceratocystisparadoxa is rather unusual for an enzyme derived from a mesophilic organism. The molecular weights of the xylanases of Cephalosporium VOl. 3
